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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: SJOBERG, Franck, WILSON, Sarah Kate, NILSSON, Rikard, BENGTSSON, Daniel, 
ISAKSSON, Mikael, NORDSTROM, Tomas, ODLING, Per, BAHLENBERG, Gxmnar, 
JOHANSSON, Magnus, OLSSON Lennaxt, OKVIST, Sven-Goran 

S erial No . : Unassigned 

Filing Date: Herewith 

For: IMPROVEMENTS IN, OR RELATING TO, VDSL TRANSMISSION SYSTEMS 

Examiner: Unassigned 
Art Unit: Unassigned 

Commissioner for Patents 

Box Patent Application (DO/EO/US) 

Washington, DC 20231 

PRELIMINARY AMENDMENT 

Sir/Madam: 

Prior to examination, please amend the above-identified application as follows: 

IN THE SPECIFICATION 

On page 1, after the title, insert and center- Background of the Invention --; 

On page 1, before line 2, insert - 1 . Field of the Invention --; 

On page 1, before line 6, insert -- 2. Discussion of the Related Art --; 

On page 1, before line 12, insert - Summary Of The Invention -; 

On page 6, before line 3, insert - Brief Description Of The Drawings -; 

On page 6, before line 6, insert -Detailed Description -; 

On page 8, after line 10, insert the following paragraphs: 
- Having thus described at least one illustrative embodiment of the invention, various 
alterations, modifications, and improvements will readily occur to those skilled in the art. Such 
alterations, modifications, and improvements are intended to be within the spirit and scope of the 
invention. Accordingly, the foregoing description is by way of example only and is not intended 
as limiting. The invention is limited only as defined in the following claims and the equivalents 
thereto. 



Page 2 



Express Mail Label No. EL840396842US 
Attorney's Docket No. S1022/8668 
Date Mailed: May 21, 2001 



What is claimed is:--; 

IN THE CLAIMS 

1. (Amended) A very high rate digital subscriber line transmission system having a 
plurality of modems operating on an access network in which at least some of said modems 
operate on wires of different lengths and in which there is a target bit rate for each modem, 
wherein modems on relatively short wires have control means for reducing their transmit 
power so that far end cross talk produced by said modems is reduced enabling modems on 
substantially longer wires to transmit at higher bit rates. 

2. (Amended) A very high rate digital subscriber line system, as claimed in claim 
1, wherein said relatively short wires are less than 1,000 metres long and said substantially 
longer wires are more than 1,000 metres long. 

3. (Amended) A very high rate digital subscriber line system, as claimed in claim 1 
wherein said control means are adapted to distribute power over an available frequency band 
so that said target bit rate is achieved. 

4. (Amended) A very high rate digital subscriber line system, as claimed in claim 1 
wherein said system is adapted to modulate transmitted data using discrete multitone. 

5. (Amended) A very high rate digital subscriber line system, as claimed in claim 
1, wherein the control means, associated with a given modem connected to a given wire, is 
adapted to produce an energy loading for the k A sub-carrier given by: 
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where n k is the background noise on sub-carrier k, F k is the [far end cross talk transfer function 
for said given wire and X is a constant, X being adjusted so that 



where Fext k is a far end cross talk from other very high rate digital subscriber line modems, T 
is a signal to noise ratio-gap, T m is a system margin and R is a target bit rate per discrete 

multitone frame. 

6. (Amended) A very high rate digital subscriber line system, as claimed in 5, 
wherein said far end cross talk transfer function is given by: 



where H k is a transfer function for a given wire, f k is a frequency for subcarrier k, d is 
the length of wire and K is a constant. 

7. (Amended) A very high rate digital subscriber line system, as claimed in claim 
5, wherein E k is always less than a maximal allowable power spectral density-level, PSD^ for 
said very high rate digital subscriber line system. 

8. (Amended) A very high rate digital subscriber line system, as claimed in claim 
7, wherein: 



*=2> g2 (i+ 



T(n k +Fext k )T } 



M 



F k -K\H k \ 2 \ k 2 d 




for A^<PSR 



max 



k 



and 



E k -PSD, 



max 



for A^>PSD, 



max 



k 
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9. (Amended) A modem for use with a very high rate digital subscriber line 
transmission system having a plurality of modems operating on an access network in which at 
least some of said modems operate on wires of different lengths, said modem having a target 
bit ratewherein said modem has control means for reducing its transmit power so that far end 
cross talk produced by said modem is reduced. 

10. (Amended) A modem, as claimed in claim 9, wherein said control means is 
adapted to distribute power over an available frequency band so that said target bit rate is 
achieved. 

11. (Amended) A modem, as claimed in claim 9, wherein said modem is adapted to 
modulate transmitted data using discrete multitone. 

12. (Amended) A modem, as claimed in claim 9 wherein said modem is connected 
to a wire, and in that said control means is adapted to produce an energy loading for the k* 
sub-carrier given by: 



where n k is [the] a background noise on sub-carrier k, F k is a far end cross talk transfer 
function for said wire and X is a constant, X being adjusted so that 



where Fext k is a far end cross talk from other very high rate digital subscriber line modems, T 
is a signal to noise ratio-gap, is a system margin and R is a target bit rate per discrete 

multitone frame. 




N-l 



i?=5> g2 (i+ 



-+Fext k )T 1 



■) 



M 
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13. (Amended) A modem, as claimed in claim 12, wherein said far end cross talk 
transfer function is given by: 

F k -K\H k \* \ k 2 d 

where H k is a transfer function for the given wire, f k is a frequency for subcarrier k, d is a 
length of the wire and K is a constant. 

14. (Amended) A modem, as claimed in claim 12, wherein E k is always less than a 
maximal allowable power spectral density-level for very high rate digital subscriber line. 

15. (Amended) A modem, as claimed in claim 14, wherein: 

E k =^ for A^-<PSD msx 

and 

E k -PSD„ for ^>PSD_ 

16. (Amended) In a very high rate digital subscriber line transmission system having 
a plurality of modems operating on an access network in which at least some of said modems 
operate on wires of different lengths and in which there is a target bit rate for each modem, a 
method of performing power back-off, including reducing the transmit power of modems on 
relatively short wires so that far end cross talk produced by said modems is reduced enabling 
modems on substantially longer wires to transmit at higher bit rates. 

17. (Amended) A method as claimed in claim 16, including said relatively short 
wires being less than 1,000 metres long, and by said substantially longer wires being more 
than 1,000 metres long. 
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18. (Amended) A method as claimed in claim 16, including distributing power over 
an available frequency band so that said target bit rate is achieved. 

19. (Amended) A method, as claimed in claim 16, including modulating transmitted 
data using discrete multitone. 

20. (Amended) A method as claimed in claim 15, whereby producing an energy 
loading for the k* sub-carrier given by: 

1 k 

where n k is the background noise on sub-carrier k, F k is the far end cross talk transfer function 
for said given wire and X is a constant, X being adjusted so that 

N-\ g 

Y(n k _+Fext k )T M 

where Fext k is a far end cross talk from other very high rate digital subscriber line modems, T 
is a signal to noise ratio -gap, T m is a system margin and R is a target bit rate per discrete 
multitone frame. 

2L (Amended) A method, as claimed in claim 20, wherein said far end cross talk 
transfer function being given by: 

F k -K\H k \ 2 \ k 2 d 

where H k is a transfer function for the given wire, f k is a frequency for sub-carrier k, d is a 
length of the wire and K is a constant. 

22. (Amended) A method, as claimed in either claim 20, or 21, wherein E k always 
less than a maximal allowable power spectral density-level, PSD^ for said very high rate 
digital subscriber line system. 
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23. (Amended) A method, as claimed in claim 22, wherein: 



and 



E k =X^- for A^<PSD n 



E k -PSD^ for X*-*PSD M 



REMARKS 

This is a preliminary amendment in which the claims have been amended to place them 
in better form before initial examination by the Examiner. Favorable action is hereby earnestly 
solicited. 

Respectfully submitted, 



Attorney's Docket No. SI 022/8668 
Dated: May 21, 2001 



es H. Morris 
egistrationNo. 34,681 
/OLF, GREENFIELD & SACKS, P C. 
600 Atlantic Avenue 
Boston, MA 02210 
Tel. (617)720-3500 
Attorneys for the Applicant(s) 
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AMENDED CLAIMS SHOWING THE AMENDMENTS 



L (Amended) A [VDSL] very high rate digital subscriber line transmission system 
having a plurality of modems operating on an access network in which at least some of said 
modems operate on wires of different lengths and in which there is a target bit rate for each 
modem, [characterised in that] wherein modems on relatively short wires have control means 
for reducing their transmit power so that [FEXT] far end cross talk produced by said modems 
is reduced enabling modems on substantially longer wires to transmit at higher bit rates. 

2. (Amended) A [VDSL] very high rate digital subscriber line system, as claimed 
in claim 1, [characterised in that] wherein said relatively short wires are less than 1,000 metres 
long and said substantially longer wires are more than 1,000 metres long. 

3. (Amended) A [VDSL] very high rate digital subscriber line system, as claimed 
in claim 1[, or claim 2, characterised in that] wherein said control means are adapted to 
distribute power over an available frequency band so that said target bit rate is achieved. 

4. (Amended) A [VDSL] very high rate digital subscriber line system, as claimed 
in claim 1 [any previous claim, characterised in that] wherein said system is adapted to 
modulate transmitted data using [DMT] discrete multitone . 

5. (Amended) A [VDSL] very high rate digital subscriber line system, as claimed 
in [any previous claim] claim 1 , [characterised in that] wherein the control means, associated 
with a given modem connected to a given wire, is adapted to produce an energy loading for the 
k* sub-carrier given by: 

K fr 
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where n k is the background noise on sub-carrier k, F k is the [FEXT] far end cross talk transfer 
function for said given wire and X is a constant, X being adjusted so that 

§ l0§2 ^ + T(n k + Fext k )T M ^ 



where Fext k is [the FEXT] a far end cross talk from other [VDSL] very high rate digital 
subscriber line modems, T is [the] a [SNR] signal to noise ratio -gap, T m is [the] a system 
margin and R is [the] a target bit rate per [DMT] discrete multitone frame. 

6. (Amended) A [VDSL] very high rate digital subscriber line system, as claimed 
in 5, [characterised in that] wherein said [FEXT] far end cross talk transfer function is given 
by: 

F k -K\H k \ 2 \ k 2 d 

where H k is [the] a transfer function for [the] a given wire, f k is [the] a frequency for 
subcarrier k, d is the length of wire and K is a constant. 



7. (Amended) A [VDSL] very high rate digital subscriber line system, as claimed in 
[either] claim 5, [or 6, characterised in that] wherein E k is always less than a maximal 
allowable [PSD] power spectral density -level, PSD max for said [VDSL] very high rate digital 
subscriber line system. 

8. (Amended) A [VDSL] very high rate digital subscriber line system, as claimed 

Yl Yl 

in claim 7, [characterised in that] wherein: E k = X— for k—< PSD m ^ 

F k F k 

and 
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E k -PSD, 



for A^->PSD 
F 



max 



9. (Amended) A modem for use with a [VDSL] very high rate digital subscriber 
line transmission system having a plurality of modems operating on an access network in 
which at least some of said modems operate on wires of different lengths, said modem having 
a target bit rate, [characterised in that] wherein said modem has control means for reducing its 
transmit power so that [FEXT] far end cross talk produced by said modem is reduced. 

10. (Amended) A modem, as claimed in claim 9, [characterised in that] wherein 
said control means is adapted to distribute power over an available frequency band so that said 
target bit rate is achieved. 

11. (Amended) A modem, as claimed in [either] claim 9, [or 10, characterised in 
that] wherein said modem is adapted to modulate transmitted data using [DMT] discrete 
multitone . 

12. (Amended) A modem, as claimed in claim 9 [any of claims 9 to 11, 
characterised in that] wherein said modem is connected to a wire, and in that said control 
means is adapted to produce an energy loading for the k* sub-carrier given by: 




where n k is [the] a background noise on sub-carrier k, F k is [the FEXT] a far end cross talk 
transfer function for said wire and X is a constant, X being adjusted so that 



N-l 



i? = £log 2 (l + 



T(n k _+Fext k )Y 1 



■) 



Jfc+0 



M 
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where Fext k is [the FEXT] a far end cross talk from other [VDSL] very high rate digital 
subscriber line modems, T is [the] a [SNR] signal to noise ratio -gap, is [the] a system 

margin and R is [the] a target bit rate per [DMT] discrete multitone frame. 

13. (Amended) A modem, as claimed in claim 12, [characterised in that] wherein 
said [FEXT] far end cross talk transfer function is given by: 

F k -K\H k \ 2 \ k 2 d 

where H k is [the] a transfer function for the given wire, f k is [the] a frequency for subcarrier k, 
d is [the] a length of the wire and K is a constant. 

14. (Amended) A modem, as claimed in [either] claim 12, [or 13, characterised in 
that] wherein E k is always less than a maximal allowable [PSD] power spectral density -level 
for [VDSL] very high rate digital subscriber line . 

15. (Amended) A modem, as claimed in claim 14, [characterised in that] wherein : 

E k =X^- for X^-kPSD^ 

and 

E k -PSD M for X^PSD m 

16. (Amended) In a [VDSL] very high rate digital subscriber line transmission 
system having a plurality of modems operating on an access network in which at least some of 
said modems operate on wires of different lengths and in which there is a target bit rate for 
each modem, a method of performing power back-off, [characterised by] including reducing 
the transmit power of modems on relatively short wires so that [FEXT] far end cross talk 
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modems on substantially longer wires to 



17. (Amended) A method as claimed in claim [15] 16, [characterised by] including 
said relatively short wires being less than 1,000 metres long, and by said substantially longer 
wires being more than 1,000 metres long. 

18. (Amended) A method as claimed in [either] claim 16, [or claim 17, characterised 
by] including distributing power over an available frequency band so that said target bit rate is 
achieved. 



19. (Amended) A method, as claimed in [any of claims 16, to 18, characterised by] 
claim 16, including modulating transmitted data using [DMT] discrete multitone . 

20. (Amended) A method as claimed in [any of claims 15 to 19, characterised by] 
claim 15, whereby producing an energy loading for the k fe sub-carrier given by: 

where n k is the background noise on sub-carrier k, F k is the [FEXT] far end cross talk transfer 
function for said given wire and X is a constant, X being adjusted so that 

N-l £ 

T(n k jrFext k )T M 

where Fext k is [the FEXT] a far end cross talk from other [VDSL] very high rate digital 
subscriber line modems, T is [the] a [SNR] signal to noise ratio -gap, T m is [the] a system 
margin and R is [the] a target bit rate per [DMT] discrete multitone frame. 

21. (Amended) A method, as claimed in claim 20, [characterised by] wherein said 
[FEXT] far end cross talk transfer function being given by: 
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F k ~K\H k \ 2 \ k 2 d 



where H k is [the] a transfer function for the given wire, f k is [the] a frequency for sub-carrier 
k, d is [the] a length of the wire and K is a constant. 

22. (Amended) A method, as claimed in either claim 20, or 21, [characterised by] 
wherein E k always less than a maximal allowable [PSD] power spectral density -level, PSD^ 
for said [VDSL] very high rate digital subscriber line system. 

23. (Amended) A method, as claimed in claim 22, [characterised by] wherein : 




for X^<PSD ] 
F 

k 



max 



and 



E k -PSD, 



max 



for X^>PSD 



max 
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Improvements In, or Relating to, VDSL Transmission Systems 



The present invention relates to a VDSL transmission system in which 
power control is used to reduce FEXT, a modem for use in a VDSL transmission 
system, and a method of reducing FEXT in a VDSL transmission system by using 
power back-off. 



One problem, frequently encountered with VDSL transmission systems, is 
that upstream FEXT produced by system users having short wires can be very 
strong. This severely limits the performance for users with longer wires. Users 
having shorter wires get high bit rates whereas users having longer wires get low 
bit rates, or possibly a zero bit rate. In extreme cases it may happen that users with 
wire lengths greater than 1000 metre cannot transmit data upstream. 

The present invention provides a way of overcoming this problem by using 
power back-off to provide a more even distribution of the available bandwidth 
capacity among customers with different wire lengths. Power back-off means that 
modems on shorter wires reduce their transmit power in order to lower the FEXT 
they produce. This enables modems on longer wires to obtain an acceptable bit 
rate. 



Known techniques for reducing FEXT cannot set target bit rates for the 
users and cannot provide any sort of optimisation of bit rate distribution between 
users. The present invention gives a better performance, i.e. higher bit rates, than 
known techniques for reducing FEXT, especially for thinner, i.e. more lossy, wires. 



According to a first aspect of the present invention, there is provided a 
VDSL transmission system having a plurality of modems operating on an access 
network in which at least some of said modems operate on wires of different 
lengths and in which there is a target bit rate for each modem, characterised in that 
modems on relatively short wires have control means for reducing their transmit 
power so that FEXT produced by said modems is reduced enabling modems on 
substantially longer wires to transmit at higher bit rates. 
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Said reiativety short wires may be less than 1 ,000 metres long and said 
substantially longer wires are more than 1,000 metres long. 



At least some of said modems may have control means adapted to 
distribute power over an available frequency band so that said target bit rate is 
achieved. 



Said VDSL system may be adapted to modulate transmitted data using 
DMT. 



The control means, associated with a given modem connected to a given 
wire, may be adapted to produce an energy loading for the k th sub-carrier given by: 



where n k is the background noise on sub-carrier k, F k is the FEXT transfer function 
for said given wjre and X is a constant, A being adjusted so that 



N-l £ 

where Fext k is the FEXT from other VDSL modems, V is the SNR - gap, f m is the 
system margin and R is the target bit rate per DMT frame. 



Said FEXT transfer function may be given by: 



where H k is the transfer function for the given wire, f k is the frequency for subcarrier 
k, d is the length of the wire and K is a constant. 

E k may always be less than a maximal allowable PSD-level, PSD max , for said 
VDSL system. 
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for X—<PSD t 



k 



max 



and 



E^PSD, 



max 



for X^zPSD, 

J r-> 1 



max 



According to a second aspect of the present invention, there is provided a 
modem for use with a VDSL transmission system having a plurality of modems 
operating on an access network in which at least some of said modems operate on 
wires of different lengths, said modem having a target bit rate, characterised in that 
said modem has control means for reducing its transmit power so that FEXT 
produced by said modem is reduced. 

Said control means may be adapted to distribute power over an available 
frequency band so that said target bit rate is achieved. 

Said modem may be adapted to modulate transmitted data using DMT. 

Said modem may be connected to a wire, and said control means may be 
adapted to produce an energy loading for the k m sub-carrier given by: 



where n k is the background noise on sub-carrier k ( F k is the FEXT transfer function 
for said wire and A is a constant, K being adjusted so that 




E k 

= S l0g2(1 + r(n,^/ Jt )r A , ) 
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where Fext k is the FEXT from other VDSL modems, r is the SNR - gap, f m is the 
system margin and R is the target bit rate per DMT frame. 



Said FEXT transfer function may be given by: 

^=K\H k \ 2 f k 2 d 



where H k is the transfer function for the given wire, f k is the frequency for subcarrier 
5 k f d is the length of the wire and K is a constant. 



Ek may always be less than a maximal allowable PSD-ievel for VDSL. 
Ek may be given by: 

E k =*>— for ^—<PSD max 

k t? J 77 max 

1 k r k 



and 



ErPSD M for APSD M 

k 



According to a third aspect of the present invention, there is provided, in a 
10 VDSL transmission system having a plurality of modems operating on an access 

network in which at least some of said modems operate on wires of different 
lengths and in which there is a target bit rate for each modem, a method of 
performing power back-off, characterised by reducing the transmit power of 
modems on relatively short wires so that FEXT produced by said modems is 
15 reduced enabling modems on substantially longer wires to transmit at higher bit 

rates. 

Said relatively short wires may be less than 1 ,000 metres long and said 
substantially longer wires may be more than 1,000 metres long. 

Power may be distributed over an available frequency band so that said 
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target bit rate is achieved. 

Transmitted data may be modulated using DMT. 
An energy loading for the k th sub-carrier given by: 



v4 

F 



where n k is the background noise on sub-carrier k, F k is the FEXT transfer function 
for said given wire and A is a constant which is adjusted so that 

where Fext k is the FEXT from other VDSL modems, r is the SNR - gap, T m is the 
system margin and R is the target bit rate per DMT frame, may be produced. 

Said FEXT transfer function may be given by: 

F h *K\Htff?d 

where H k is the transfer function for the given wire, f k is the frequency for sub- 
carrier k, d is the length of the wire and K is a constant. 

E k may always be less than a maximal allowable PSD-levei, PSD maX) for 
said VDSL system. 

Ek may be given by: 

n ir Kir 

k F F max 



and 
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E k^SD M for &*PSD t 

F k 



Embodiments of the invention will now be described, by way of example, 
with reference to the accompanying drawings, in which: 

Figure 1 illustrates a telephone access network in which the present 
invention may be implemented. 

Figure 2 i llustrates the way in which PSD varies for different wire lengths. 

A glossary of the abbreviations used in this patent specification is set out 
below to aid the reader; 

DMT: Discrete Multi Tone 

FEXT: Far-End Cross Talk 

PSD: Power Spectral Density 

SNR: Signal to Noise Ratio 

VDSL: Very high rate Digital Subscriber Line 

A typical telephone access network, suitable for use with a VDSL 
transmission system is shown in Figure 1 . it will be seen that network terminals, 
NT, are located at a variety of distances from the central station, typically between 
300m and 1,500m. Because of the FEXT produced by network terminals located 
close to the central station, the more remote terminals, further than 1 ,000m from 
the central station, may have little useable bandwidth available to them, Le, they will 
only be able to transmit data in the upstream direction at low bit rates. 



The present invention provides a method of performing power back-off in 
a VDSL modem, which may be located in any of the network terminals shown in 



r 



JO 



. 20 
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Figure 1 . Consider a VDSL modem operating in the access network of Figure 1 1 
on a wire of a given length, where several other modems operate on wires of 
different lengths. Some of the wire lengths may be longer and others may be 
shorter and yet others of the same length. The modem has a target bit rate 
assigned to it and the power is distributed over the frequency band in such a 
manner that the target bit rate can be achieved. The power distribution is made in 
such a way that the bit rates of other modems, connected to the same access 
network, are maximised. 

Consider, as an example, a VDSL system employing DMT and let E k denote 
the transmit energy to be used on sub-carrier k. If a target bit rate of R bits per 
DMT frame is to be achieved, the following constraint on the energies E k exist; 



M T(n k +Fext k )r M 



where n k is the background noise on sub-carrier k, Fext k is the FEXT from other 
VDSL modem?, f is the SNR - gap (=9.8dB), F m is the system margin (typically 3 - 
6dB). To maximise the bit rate for the other VDSL modems, the energy on the k th 
sub-carrier should be: 



E k =& (2) 
F k 



where A is a constant that is adjusted so that equation (1) is fulfilled, and F k is the 
FEXT transfer function for the wire under consideration. The FEXT transfer 
function can be calculated from: 

I2/-2 



F k -K\H k \% 2 d (3) 



where H k is the transfer function for the given wire, f k is the frequency for subcarrier 
k, d is the length of the wire and K is a constant. K and d are of no great 
importance since they are subsumed in A. By using equation (2) to set the energy 
distribution, the FEXT will be spectrally shaped in the same way as the background 
noise. 
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Another constraint, that must always be applied, is that E k must never 
exceed the maximum allowable PSD-levei for VDSL, i.e. PSD max . This means that 
equation (2) can be rewritten as: 

for X-±<PSD m 

K rp J t? max 

E k =PSD^ for &±PSD m 



If too large a value of R is chosen, then it may happen that E k = PSD max for 
all k without achieving the target bit rate. 

Figure 2 shows an example of how the PSD looks for different wire lengths. 
Shorter wires use lower transmit powers and tend to load more power on the higher 
frequencies than on the lower frequencies. Since the longer wires can only use the 
lower frequencies, it seems intuitive to let the short wires use the higher 
frequencies and save the lower frequencies for the longer wires. 
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CLAIMS 

1 . A VDSL transmission system having a plurality of modems operating on an 
access network in which at least some of said modems operate on wires of 
different lengths and in which there is a target bit rate for each modem, 
characterised in that modems on relatively short wires have control means for 
reducing their transmit power so that FEXT produced by said modems is reduced 
enabling modems on substantially longer wires to transmit at higher bit rates. 

2. A VDSL system, as claimed in claim 1 1 characterised in that said relatively 
short wires are less than 1 ,000 metres long and said substantially longer wires are 
more than 1 ,000 metres long. 

3. A VDSL system, as claimed in claim 1 , or claim 2, characterised in that said 
control means are adapted to distribute power over an available frequency band so 
that said target bit rate is achieved. 

4. A VDSL system, as claimed in any previous claim, characterised in that said 
system is adapted to modulate transmitted data using DMT. 

5. A VDSL system, as claimed in any previous claim characterised in that the 
control means, associated with a given modem connected to a given wire, is 
adapted to produce an energy loading for the k th sub-carrier given by: 

F 

where n k is the background noise on sub-carrier k, F k is the FEXT transfer function 
for said given wire and A is a constant, A being adjusted so that 

where Fext k is the FEXT from other VDSL modems, f is the SNR - gap, f m is the 
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system margin and R is the target bit rate per DMT frame. 
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6. A VDSL system, as claimed in claim 5, characterised in that said FEXT 
transfer function is given by: 

F r K m 2 f k 2 d 

where H k is the transfer function for the given wire, f k is the frequency for subcarrier 
k, d is the length of the wire and K is a constant. 

7. A VDSL system, as claimed in either claim 5, or 6, characterised in that E k 
is always less than a maximal allowable PSD-level, PSD max) for said VDSL system. 

8. A VDSL system, as claimed in claim 7, characterised in that: 

Hz. n, 
E k =k~ for \-±<psd 

k P J p max 

k r k 



and 



E k =PSD mzx for X^PSD 

k max J 7-i max 



9. A modem for use with a VDSL transmission system having a plurality of 
modems operating on an access network in which at least some of said modems 
operate on wires of different lengths, said modem having a target bit rate, 
characterised in that said modem has control means for reducing its transmit power 
so that FEXT produced by said modem is reduced. 

10. A modem, as claimed in claim 9, characterised in that said control means 
is adapted to distribute power over an available frequency band so that said target 
bit rate is achieved. 

11. A modem, as claimed in either claim 9, or 10, characterised in that said 
modem is adapted to modulate transmitted data using DMT. 
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12. A modem, as claimed in any of claims 9 to 11, characterised in that said 
modem is connected to a wire, and in that said control means is adapted to 
produce an energy loading for the k ih sub-carrier given by: 



where n k is the background noise on sub-carrier k, F k is the FEXT transfer function 
for said wire and A is a constant, A being adjusted so that 



where Fext k is the FEXT from other VDSL modems, f is the SNR - gap, r m is the 
system margin and R is the target bit rate per DMT frame. 

13. A modem, as claimed in claim 12, characterised in that said FEXT transfer 
function is given by: 



where H k is the transfer function for the given wire, f k is the frequency for subcarrier 
k, d is the length of the wire and K is a constant. 

14, A modem, as claimed in either claim 12, or 13, characterised in that E k is 
always less than a maximal allowable PSD-level for VDSL. 

15. A modem, as claimed in claim 14, characterised in that: 




AM 




^£i°g 2 (i + 



■) 



F k -K\H k \ 2 f k 2 d 




far X^<PSD t 



k 



max 



and 
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E k =PSD i 



max 



far X^PSD, 



max 



k 



16. tn a VDSL transmission system having a plurality of modems operating on 
an access network in which at least some of said modems operate on wires of 
different lengths and in which there is a target bit rate for each modem, a method 
of performing power back-off, characterised by reducing the transmit power of 
modems on relatively short wires so that FEXT produced by said modems is 
reduced enabling modems on substantially longer wires to transmit at higher bit 
rates. 

17. A method as claimed in claim 15, characterised by said relatively short wires 
being less than 1,000 metres long, and by said substantially longer wires being 
more than 1,000 metres long. 

18. A method, as claimed in either claim 16, or claim 17, characterised by 
distributing power over an available frequency band so that said target bit rate is 
achieved. 

19. A method, as claimed in any of claims 16, to 18, characterised by 
modulating transmitted data using DMT. 

20. A method, as claimed in any of claims 1 5 to 1 9, characterised by producing 
an energy loading for the k th sub-carrier given by: 




where n k is the background noise on sub-carrier k, F k is the FEXT transfer function 
for said given wire and A is a constant which is adjusted so that 
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where Fext k is the FEXT from other VDSL modems, r is the SNR - gap, f m is the 
system margin and R is the target bit rate per DMT frame. 

21. A method, as claimed in claim 20, characterised by said FEXT transfer 
function being given by: 



where H k is the transfer function for the given wire, f k is the frequency for sub- 
carrier k, d is the length of the wire and K is a constant. 

22. A method, as claimed in either claim 20, or 21 , characterised by E k always 
being less than a maximal allowable PSD-level, PSD maxi for said VDSL system. 

23. A method, as claimed in claim 22, characterised by: 



F k =K\H k \%*d 





max 



and 



E^PSD, 



max 



for X—*PSD t 



max 



k 
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ABSTRACT 

Improvements in, or Relating to, VDSL Transmission Systems 

One problem, frequently encountered with VDSL transmission systems, is that 
upstream C !=XT produced by sys'ie.n us*r* ha- rr. shot wtes can be very strong. 
Users having shorter wires get high bit rates wherea? user* having longer wires ge'^ 
: ^ bft rat f -s. In extreme ca?es it may hvP^ thb; ubets with wire lengths greater 
than 1000 metre cannot transmit data upstream. The present invention provides 
a VDSt trancrJsso^ rystem with a plurality of modems. The modems are located 
at varying distances from a central station. Tnerp i* a target bit rate for each 
modem. That modems on shorter wires have control means for reducing their 
transmit power. This reduces the FEXT produced by these modems enabling 
modems on [onaer wires to transmit at higher bit rates. 
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power spectral density (DBm/Hz) 



Fig 2 
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Fu3 name of sccoad or joint investor 



SigfialiircderiflVQQteQr 



Domicile 




Daic 



Residence gbo 



'4 ?<jf<wC 



National^ 



AdressePosiaic 



Otoccsbip 



s, 



Post Office Additss 
ProfiessowagenlO 



?8££3 OJtO 



French Language Declaration 






NomcoiiaieCdusecoTidco-inva^teirJecas &h&oi 


full name of second or joint inventor 

^LSSONRidsrd , 






Ihva^s signature ri 




Domidle 


Resideoce ^ / 
S~£73 32 LI3LE*, SWEDEN 




NadoruJiie 






AdressePostnie 


Po& Office Address 
IingonstJgen30 




Full name of sole ar&st iiiveDSor 












feidcacc / -^1/ 
$-977 53 UJL&i S\M3)EN 






Swedish 






Post Office Address 
Forskarvagcn36A 




Norn conrpia ck second co-mveotair, le cas dcheani ^fvf* 


Fdl name of sencrad oricinl invenror 




Sigp&ure de l'inveciteur Date 


f zAfMf/m # tAf/f/t j^l ±: — ? 




Domicile 


S^73 42 LULEA, SWEDEN 




Nationality 


Swedish 




Acinic Possale 

i 


Post Office Address 



Page4c?fo 



French Language Dedar&Son ! 




Norn coiopte d£ risque ou premitriiiveniair ^ ^ 


FuU name of sole or ta iaveDior 
NORDSTROM Tomas 




Sigoaturederinvoaear ^ e 

£' 

r 


Mvegor s ; signatoc / *-*&e 




Domicile ( 


P-S^te* CC 

53 LUIEA, SWEDEN <^ ' 






Swedish 

. — i 


j 

! 


Adn^Pos&le 


Post Office Address i 




Nom compiet da second co-mvaoteur; le cas &h&nt 


Full rt?mte of second or joint iavoator 
OBONGPer 




Sigoarure deJHnvooiOir Date 


Ibveataf $ signature Date 

& - lUU^ " I0-O c ! 




Domicile 


Resident , £\f 
51 LID J?*, SWEDEN > 




Nationalite 


Otizoiship 

Crvp/Kch 


1 AlressePoMe 


Post Office Adchers 
rrafessorsvagen 109 B 




Nora coiuplet du second cchmveoteur, le cas &h&i3i ~ 


Rill name ot second or joint investor 
BAHLE^BEEG Gunnar 


i 




l^pr^ssigHtore ^ * Date 




, Domicile 


^R&dceee ^ 
S-976 32 LtJLEA, SWEDEN ^ 




Nauonalite 


CMzenship 
Swedish 




AdressePostale 


; ; o^G&e Adders 
Blidv5gea234 
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French I^ii^apfcT^jdai alion 






Nom g>?ipter du second ooinveoteur, 1c cas dcheant 




Mnasieof socondajoint inveraor 
JOHANSSON Magpus 




Sgmir&derinveracur £*afe 


Mveatofs sigpature 




Domicile 


FesicL -cc , 
S^2 41 LUX^ SWEDEN 






Swedish 




AdressePosf^c 


t 

1 

l 


Post Office Address 




Nom complei ck second cx>invcnioir ; k cas 6±ean£ 




f dl name of second or joint inventor 
OLSSONUnnart 




Si^ialurccbrinveQtsar 


Invalids Sgnahire ^ e 




Domicile 


Residence x 




Nadonalite 






i AdresePcsale 






Nom complet da second co-rnvaiias; le cas &heant 




Full name o f second or j tint inventor 
OKVlSTSveivG^raa 




Signature de rinvatfeur 


In^t9f^gr©lijre Dae 


1 


Domicile 


PuSdaQCS ^ 
S-974 41 LULEA, SWEDEN 






Gflizeosbxp 




AdressePosiale 


Pert Office address 
i£agaplan7 
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